Objectives: An increased pulse pressure (PP) suggests aortic stiffening. New evidence suggests that (PP) is more sensitive measure of cardiac risk than other indexes of blood pressure. We aim to study the effect of pulse pressure in hypertensive patients on left atrial and left ventricle diameters (LAD, LVD), left ventricle geometry [wall thickness (WT), left ventricle mass (LVM), regional wall thickness (RWT)] and the effects of age and sex on the PP. Methods: Echocardiography study of LAD, LVD, left ventricle end diastolic diameter (LVEDD), aortic root diameter (ARD), ratios and left ventricle geometry was performed on 92 patients (61 female & 31 male). A correlation analysis between these variables and pulse pressure was done. Patients were grouped into high PP >60 mmHg and normal PP <59 mmHg and chi-square test was applied.
.
Recently research has focused on the relation between cardiovascular diseases and elevated pulse pressure (PP) which apparently reflects increased large artery stiffness (3, 4) . The principal components of blood pressure (BP) consist of both a steady component (mean arterial blood pressure MAP) and a pulsatile component (pulse pressure PP). Major determinants of MAP are ventricular ejection and peripheral vascular resistance (1, 5) . PP, the difference between SBP and DBP, is also made up of two major components one due to ventricular ejection and the elastic properties of the large arteries (direct) and the other due to wave reflection (indirect). The rise in SBP and DBP in middle aged and elderly subjects is due primarily to an increase in large artery stiffness and an associated increase in wave reflection amplitude (1) .
In older people, observational studies have commonly found U or S shaped relationship of BP with mortality especially for DBP; in some studies, individuals with the lowest BP had the highest mortality. It is possible that the PP is the measure of BP most strongly related to cardiovascular risk in elderly people. Several prospective studies have found that elevated PP is associated with risk of myocardial infarction, congestive heart failure and cardiovascular total mortality. It also increases the risk of stroke as a consequence of arterial stiffness and left atrial dilatation and subsequent risk of atrial fibrillation (6) (7) (8) .
As shown in the study (pulse pressure and mortality in older people 2000), PP appears to be the best single measure of BP in predicting mortality in older people (6) .
The exponential rise in atrial fibrillation incidence with age parallels a rapid age related increase in aortic stiffness (9) . The concomitant increase in PP adds to pulsatile load on the heart (10) , thereby promoting ventricular hypertrophy (9, 11, 12) , impaired ventricular relaxation (13, 14) and increased left atrial (LA) size (11) . This all together may lead to fibrosis and electrical remodeling in the atrium (9) , leading to atrial fibrillation. Consistent with this causal pathway, echo measures of abnormal left ventricle (LV) geometry and diastolic dysfunction are associated with increased risk of atrial fibrillation (15, 16) .
Increased LAD/LVD ratio was observed in subjects with hypertension, diabetes and LV hypertrophy (17) . Increased ratio predicted worse exercise capacity. These data are consistent with the hypothesis that this ratio is a non invasive marker of LV diastolic pressure -volume relationship (17) .
It is shown that PP is an independent predictor of increased incidence of coronary heart disease and congestive heart failure (18) , accordingly, the PP may represent an easily measured and potentially modifiable risk factor for cardiovascular risks.
Our objective is to measure the pulse pressure in hypertensive patients with different ages and sex and to study its effect on left atrium diameter (LAD), left ventricle geometry {including left ventricle diameter (LVD), left ventricle wall thickness (WT), left ventricle mass (LVM) and regional wall thickness (RWT)}, the ratio between LAD and both aortic root and LV diameters. Thorough history was taken including history of hypertension or antihypertensive medication for the last 3 years.
Patients and methods

This is
After taking a written consent from the patients, recordings of SBP and DBP were taken in the supported right arm of lying C subject, after 5 minutes of quiet rest, using a mercury column sphygmomanometer. Readings were recorded to the nearest even number. SBP was recorded at the first appearance of Korotkoff sounds and palpation was used to check auscultatory systolic readings. DBP was recorded at the disappearance (phase 5) of Korotkoff sounds. Baseline SBP and DBP each were the average of two separate measurements taken by the examining physician. A standardized 2-dimensional guided Mmode echocardiogram was performed at baseline examination. The following data were obtained: diastolic LAD, aortic root diameter (ARD), LV end diastolic diameter (LVEDD), septal thickness (ST), posterior wall thickness (PWT) and ejection fraction (EF). A standard 12 leads ECG was taken. The patients with EF less than 55% and those with evidence of acute coronary ischemia or previous myocardial infarction were excluded from the study; the remaining 92 patients were included. The mean of ST and PWT for each patient was calculated, and considered as WT, normal (< 12.5 mm). The LAD was measured, normal (<38mm). The LVEDD also obtained, (<43mm) for female and (<45mm) for male was considered small LV. The following ratios were measured; LAD/ARD ratio, normal (<1.2mm) and LAD/LVEDD ratio, normal (<.65). The LVM was obtained from the following formula (19) :
The RWT (index of pressure overload in patients with LV hypertrophy with concentric remodeling) was obtained from the following formula (20) : 2PWT/LVIDD. (Normal <0.5)
The patients were classified according to their PP into two groups: those with PP<59 mm Hg were considered as control group and those with PP>60 mm Hg were considered as high PP group, and then we study the percentage of patients with abnormal values in both PP groups.
Statistical analysis
The correlation coefficient (r) was used to measure the strength of the association between the PP, SBP and DBP with each of the following variables: age, LAD, LVD, WT, LAD/ARD, LAD/LVEDD ratios, LVM and RWT, Then the SBP, DBP and PP were correlated to each others. P value of <0.05 (2 -tailed) was considered significant.
Chi -square test was used to study the effect of sex on PP, and to compare the number of patients with normal and abnormal values in both PP groups. P value <0.05 was considered significant.
Results
A total of 92 hypertensive patients for more than 3 years with a normal EF and no evidence of acute coronary ischemia or previous myocardial infarction were included in the study. Age was between 30-74 years, with a mean of 52 year (10.96 SD). There were 61 female patients (66.3%) and 31 male patients (33.7%).We found that 62% of females had high PP compared to 55% of males. (P value = 0.491), no significant effect of sex on the PP.
Twenty four patients (44%) with high PP were above 60 year, compared to 5 pt (13%) with low PP were above 60 year. (P value = 0.002), with significant positive correlation between age and PP (table 2) .
Thirty six patients (65%) with high PP had WT >12.5 compared to 19 pt (51%) with low PP group ( There was statistically significant positive correlation of LVM with LAD and LVD (p value=0.000) for both, also it shows positive correlation with LAD/ARD and LAD/LVIDD ratios (p value =0.006, 0.03 respectively). Direct significant positive correlation between age and LVM was also noticed (p value= 0.007) (table 5). 
Discussion
This study shows significant positive correlation between age and PP, (p value = 0.000), and negative correlation between DBP and age (p value= 0.004). Although the SBP has positive correlation with age, but it is statistically insignificant (p value = 0.07). As large artery stiffness increases in middle aged and elderly, SBP rises and DBP falls, with a resulting increase in PP (26) . The normally present higher gradient of peripheral to central arterial PP (amplification) found in young subjects gradually decreases with aging as a result of the augmentation of central PP by early wave reflection (27) .
As shown in table 3 & 4 the SBP was significantly positively correlated with both DBP&PP (p value=0.000). DBP was negatively correlated with PP, but it was an insignificant correlation (p value= 0.84). So in our study the PP is mainly determined by the high SBP rather than low DBP. As vascular resistance rises, there is proportional increase in SBP and DBP in young individuals. With the onset of middle age, however, SBP rises more than DBP, resulting in elevation of PP (26, 28) . Thus, DBP rises with increased peripheral arterial resistance and falls with increased central artery stiffness; the relative contributions of these 2 opposing forces determine DBP and ultimately PP. Normally, PP & SBP are highly correlated because both BP components rise with increases in vascular resistance and large artery stiffness (1) (21) . Recently, it was shown that telomeres, the ends of chromosomes, which serve as clocks of cellular aging, are inversely related to PP (21, 22, 23) . Therefore, pp might serve as a phenotype of chronological and biological aging (21) .
The WT is positively correlated with PP (p value <0.05) ( In previous studies it was found that in middle aged and elderly coronary heart disease risk increased with higher PP (10) , neither SBP nor DBP was superior to PP in predicting coronary heart disease risk (1) .
Elevated PP predisposes to myocardial infarction, heart failure (9, 24) , left ventricle hypertrophy (11) , impaired ventricle relaxation (11, 14) , increased left atrial size and atrial fibrillation (8) . The (pulse pressure and risk of new onset atrial fibrillation 2007) study (9) , showed that PP is the single BP component most predictive of future development of atrial fibrillation. In these multivariable models, the association between PP and atrial fibrillation risk persist in models that included echocardiographic LVM, LA size and time dependent change in elecetrocardiographic LV hypertrophy (9) . The PP appears to be the best single measure of BP in predicting mortality in older people and helps to explain apparently discrepant results for low DBP (25) .
Consideration of PP may explain the apparent increased risk associated with low DBP (25) .
There is significant correlation between SBP and RWT (p value= 0.011), (table 3) . This is explained because the RWT is most sensitive useful index of evaluation of patient with LV hypertrophy, concentric re-modeling even if the LVM is normal, (20) . So it is easily affected by SBP elevation before PP starting to increase. The DBP appears to be negatively correlated with WT. LVM. LAD/LAD & LVIDD ratios, RWT, LAD and LVD (table 4), but it was statistically insignificant (p value > 0.05). So the DBP has no effect on echography risks for heart diseases.
Conclusion
In conclusion our study shows that PP which reflects increased arterial stiffness in middle aged and elderly hypertensive patients is strongly correlated with age and it is the main BP component that affects the LV geometry specially LVM & WT, which explain the increased cardiovascular risks and mortality in elderly patients. So our data suggests that changes in LV geometry are more related to the pulsatile stress of large artery stiffness during systole as reflected by rise of PP, than the steady -state stress of resistance during diastole as reflected by parallel rise in SBP& DBP.
Recommendation
Further studies are needed to determine the relative values of antihypertensive therapies and whether reduction of PP should be specific treatment target to reduce cardiovascular risks and mortality in middle aged and elderly hypertensive patients.
